A novel strategy has been established to assemble a series of single (Z)-or (E)-1H-isoindole derivatives through selectively and sequentially activating carbon-nitrogen triple bonds in a multicomponent system containing various nucleophilic and electrophilic sites. The reaction provides efficient access to structurally unique fluorophores with aggregation-induced emission characteristics. These new fluorophores show fluorescence wavelengths and efficiencies that can be modulated and have excellent potential to specifically light up lipid droplets (LDs) in living cells with bright fluorescence, low cytotoxicity and better photostability than commercially available LD-specific dyes.
Introduction
Organic uorophores are of signicant interest in a wide range of disciplines on account of their promising applications in organic light-emitting diodes, chemical sensing and biological imaging.
1 Particularly, organic uorophores containing Nheterocycles are highly desirable for organic chemistry research due to their ubiquity in biologically active natural products, organic functional materials and pharmaceuticals. 2 Over the past few decades, N-heterocycle-based uorophores have been developed rapidly for biological imaging owing to their good biological activity.
3,4 Recently, some interesting uorophores based on nitrogen-containing heterocycles which exhibit aggregation-induced emission (AIE) properties have been reported by the groups of Huang, Tian, Liu and us. 5, 6 Thanks to the AIE effect, these uorophores are free of aggregation-caused emission quenching, and can uoresce strongly in the aggregated state, such as nanoparticles, which enables them to perform efficiently in tracking various organelles in living cells via uorescence imaging techniques. To facilitate the advancement in this eld, novel design and direct synthesis of new uorophores containing N-heterocycles are highly demanded.
It is known that the molecular structure determines the properties, and the control and modication of the structure would endow materials with different properties.
7 Developing efficient and selective synthetic methods is key to construct various new skeletons. For research concerning precise creation and controlled synthesis of functional molecules, traditional chemistry faces challenges of increasing systematicness and comprehensiveness. Consequently, the design, synthesis and discovery of properties of functional molecules are undoubtedly a tendency of organic chemistry. Given the importance of elemental nitrogen in functional materials, it can be expected that when introducing multiple nitrogen atoms or various nitrogen-containing groups into the target molecules, novel properties should be obtained. Nitriles are common platform chemicals in the chemical commodity industry, and the low cost coupled with versatile transformation of these molecules underlies their great use in industrial and academic communities. For instance, nitriles may serve as a valuable precursor toward structurally diverse compounds such as amines, 
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Despite recent advances in carbon-nitrogen triple bond transformation, 16 a selective and sequential activation of carbonnitrogen triple bonds is yet to be realized.
Based on our previous work, we anticiapte that a convenient and concise approach to assemble a series of carbon-nitrogen triple bonds with different activities could be provided by rational design. As illustrated in the proposed synthetic route (Scheme 1), isocyanide 3 is initially activated via an insertion reaction to give intermediate I. Subsequently, the nucleophilic addition of 2 to the nitrile group of I forms intermediate II, which is selectively driven by different reactivities of electrophilic sites. Finally, the desired 1H-isoindole product 4 would be obtained through the reductive elimination and isomerization of II. This protocol, a palladium-catalyzed multicomponent cross-coupling reaction, provides direct access to novel uo-rescent scaffolds with desirable potential properties. Moreover, the photophysical properties and potential bioimaging application of the synthesized 1H-isoindole derivatives can be further investigated.
Results and discussion
We commenced our study by optimizing reaction conditions with 2-bromobenzonitrile (1a), 2-phenyacetonitrile (2a) and tertbutyl isocyanide (3a) as model substrates. Initially, the feasibility of the hypothesis was conrmed by product 4a obtained in 51% yield when the reaction was treated with 10 mol% Pd(OAc) 2 , 20 mol% PPh 3 and 3 equivalents of t-BuOK in 1 mL DMSO at 120 C for 12 h under air (Table 1 , entry 1). Encouraged by this observation, further study of other reaction parameters was carried out. The examination of different bases revealed that tBuOK was the most appropriate choice (Table 1 , entries 2 and 3). Subsequent screening of catalysts showed that Pd(OAc) 2 still gave the best result (Table 1 , entries 4 and 5). In addition, a series of ligands and solvents were tested (Table 1 , entries 6-10) and the highest yield (79%) of 4a was attributed to the increased equivalents of 2a and 3a in dry DMSO (Table 1 , entry 12). The structure and conguration of 1H-isoindole derivatives were conrmed by X-ray crystal analysis (Fig. 1) . 17 The single E conguration of the carbon-carbon double bond in compound 4a could be explained by intramolecular C-H/N hydrogen bonding, which will effectively rigidify the molecular structure and increase the stability of the molecule (Fig. 1A) .
Under the optimized conditions, the substrate scope was then explored (Table 2) . Diversely substituted acetonitriles were employed as the substrates. Both electron-donating (OMe, t-Bu and Me) and electron-withdrawing (F, Cl and Br) groups in 2-phenylacetonitriles were compatible and the corresponding products were afforded in 53-73% yields. Notably, when using 2-thiopheneacetonitrile as the substrate, the corresponding products 4m and 4y were isolated in good yields of 74% and 76%, respectively. In addition, other tested alkyl isocyanides such as n-butyl isocyanide, 1,1,3,3-tetramethylbutyl isocyanide, adamantyl isocyanide, cyclopentyl isocyanide and cyclohexyl isocyanide were found to be suitable for this transformation, converting to the corresponding products 4p-4y in 44-84% yields. Additionally, the reactions of 2-bromobenzonitriles with different functional groups also proceeded smoothly under the standard conditions to deliver products 4j, 4o and 4x in acceptable yields. The good functional group compatibility, especially for the thiophene group, could be conveniently modied for the purpose of uorescence-structure relationship study. Compound 4m-M containing an extended conjugation system could be constructed easily from 4m in 85% yield via bromination and Suzuki coupling reaction.
To demonstrate the potential application of this method, the photophysical properties of these synthetic uorophores were carefully investigated (Tables 3 and S1 †). 1H-isoindole derivatives, which were converted from 2-phenylacetonitriles with different functional groups, show similar absorption maxima in the range of 392-415 nm in CH 2 Cl 2 solution. They emit very weak uorescence in solutions with extremely low uorescence quantum yields (F F s) of 0.2-0.9%, but exhibit intense uores-cence in the range of 408-438 nm with a much higher F F s of 1.9-26.3% in solid lms, demonstrating AIE characteristics, which was further conrmed from the emission spectra of 4a in water/methanol with different water fractions (Fig. S1 †) . For these new AIE uorophores, the intramolecular motion of exible rotors (e.g. the aromatic rings linked with R 2 ) accounts for the quenching of uorescence in the solution state, while the restriction of such a kind of motion results in emission enhancement in the aggregated state. 18 Besides, the efficient uorescence in the aggregated state is also attributed to the bulky R 3 fragment, which suppresses close packing and thus strong intermolecular interactions. 19 In other words, the solidstate uorescence behaviours can be well modulated by changing R 3 . As shown in Fig. 1 , compared to 4p with a normal butyl group, 4a bearing a bulkier tertiary butyl group adopts a looser packing mode in crystals to avoid close p-p stacking, leading to a higher F F s for 4a than 4p in both lm and powder. Moreover, the uorescence wavelength could be further tuned by utilizing substrates 2 with different functional groups. For instance, 4m shows a yellow uorescence peak at 553 nm in lm, which is apparently red-shied relative to the green uo-rescence of 4a (518 nm) and 4p (526 nm). This can be ascribed to the strengthened electron donor-acceptor interaction when electron-donating thiophene is introduced. 20 In addition, containing a more extended conjugation system, 4m-M can emit orange light at 589 nm.
With an AIE uorophore library in hand, compound 4a and modied 4m-M were selected as uorescent probes for live cell imaging. Lipid droplets (LDs) are uniquely encapsulated by a phospholipid monolayer, which segregates their hydrophobic neutral lipid core from the aqueous cytosol. 21 Considering the lipophilic properties of the uorophores used, we tried to perform hydrophobic LD localization experiments with HeLa cells. Cell image data were obtained via irradiation at 405 nm on HeLa cells co-stained with 4a or 4m-M and HCS LipidTOX™ Deep Red neutral lipid stain, a commercial probe enabling the differentiation of LDs from other organelles. As shown in Fig. 2 , the merged images, with high overlap ratios (88% and 84% respectively), indicate the excellent specic targeting ability of 4a and 4m-M toward LDs in living cells.
The photostability, as an important evaluation criterion for uorescence probes, was measured quantitatively together with three commercially available LD-specic dyes, BODIPY, Nile red and HCS LipidTOX™ Deep Red neutral lipid stain. Aer exposure to a 405 nm laser with a power of 10% (3 mW) for 10 s between every scan interval for 30 scans, the uorescence signal intensity of three commercial trackers was drastically lost, even Nile red was reduced to less than 20% of its initial value, while approximately 80% of the signal intensity of 4a and 4m-M was retained under the same conditions (Fig. 3A) . The result suggests that the two uorophores have excellent photostability, while BODIPY, Nile red and HCS LipidTOX™ Deep Red neutral lipid stain suffer from serious photobleaching. In addition, based on 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT) assay, we also evaluated the cytotoxicity of the two uorophores by using them to incubate HeLa cells. As presented in Fig. 3B , a negligible change in HeLa cell viability was observed even when 20 mM 4a or 4m-M was added to the culture medium for 24 h, which indicated that the two uorophores have good biocompatibility to living cells.
Conclusions
In conclusion, we have developed a highly stereoselective Pdcatalyzed cross-coupling reaction to access a library of AIE u-orophores, 1H-isoindole derivatives, by selective carbonnitrogen triple bond activation. The system exhibits several impressive characteristics including single Z or E selectivity, simple and diverse structures, and tunable and bright uores-cence. These AIE uorophores have been proven to be considerably efficient reagents for cell imaging, which show excellent LD-targeting specicity and much higher photostability than e Emission peak (excited using the maximum absorption wavelength in CH 2 Cl 2 as the excitation wavelength). f Stokes shi ¼ 1/l abs (in lm) À 1/l em (in lm) .
g Absolute uorescence quantum yield measured by calibrated integration. commercial LD-staining dyes. The protocol should provide a new strategy for the systematic study of the design, synthesis and discovering new specic properties of functional molecules.
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